Comparisons of (+/-)-benzo[a]pyrene-trans-7,8-dihydrodiol activation by human cytochrome P450 and aldo-keto reductase enzymes: effect of redox state and expression levels.
Polycyclic aromatic hydrocarbons (PAHs) are environmental pollutants that are metabolically activated to proximate carcinogenic trans-dihydrodiols. PAH trans-dihydrodiols are further activated in humans by cytochrome P450 (P450) 1A1 and 1B1 to yield diol-epoxides or by aldo-keto reductases (AKR) 1A1 and 1C1-1C4 to yield reactive and redox-active o-quinones. Reconstituted in vitro systems were used to compare the steady-state kinetic constants for human P450 (P450 1A1 and 1B1) and AKR (AKR1A1, AKR1C1-1C4) mediated metabolism of (+/-)- trans-7,8-dihydroxy-7,8-dihydrobenzo[ a]pyrene ((+/-)-B[ a]P-7,8-diol) at physiological pH. It was found that P450 isoforms yielded much greater k cat/ K m values than AKR enzymes. Initial rates of (+/-)-B[ a]P-7,8-diol oxidation were measured for AKR1A1, AKR1C2, P450 1A1, and P450 1B1 as the ratio of NADPH/NAD (+) cofactors was varied to determine the redox state necessary for AKRs to successfully compete for trans-dihydrodiols. P450 and AKR enzymes equally competed for (+/-)-B[ a]P-7,8-diol substrate at an NADPH/NAD (+) ratio equal to 0.001. The resting NADPH/NAD (+) ratio was determined in A549 human lung adenocarcinoma cells to be 0.28. These data suggest that the P450 pathway would be favored over the AKR pathway if the enzymes were equally expressed. Basal mRNA transcript levels of AKR1C1-1C3 exceed those of both basal and 2,3,7,8-tetrachlorodibenzo- p-dioxin (TCDD)-induced P450 1A1 and 1B1 by up to 90-fold in A549 cells as measured by real-time reverse transcriptase polymerase chain reaction (RT-PCR) methods. AKR expression levels were comparable to TCDD-induced P450 1A1 and 1B1 in HBEC-KT immortalized normal human bronchial epithelial cells. Functional assays of both A549 and HBEC-KT cell lysates demonstrated a lack of TCDD-inducible P450 1A1/1B1 activity but robust basal expression of AKR1A1 and AKR1C activities, where the functional assay for P450 detection is 300-fold more sensitive than the functional assay for AKR isoforms. These data suggest that AKR enzymes may effectively compete with P450 1A1/1B1 for PAH trans-dihydrodiol activation in human lung cells.